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ABSTRACT 
The correlation between urban density and built form presents itself as a challenge for the 
contemporary urban planner in that it simultaneously associates demographic and environmental 
issues in the same territory. Planning strategies usually correlate demographic and environmental 
issues to a set of conforming rules based on parameters such as Floor Area Ratio and Maximum 
Height to assign, to each urban plot, its share in the development of the cityscape. New planning 
strategies advocate that predetermined parameters could vary according to performance, turning 
the cityscape under a constant assessment and transforming design. Spacematrix (Berghauser Pont 
& Haupt 2009) is a tool designed to measure the correlation between Urban Form and Density. 
This paper tests the Spacemate methodology in a completely new situation where the urban fabric 
is predominantly homogeneous but buildings are extensively heterogeneous. This new situation 
challenges the Spacemate methodology and offers an alternative application for the method: to 
identify emerging patterns of urban blocks and to “improve” the urban block’s performance. The 
model is associated to a software, CityZoom (Turkienicz et al., 2008) within two perspectives: a 
descriptive one, comparing similarities and differences of urban scenarios produced according to 
existing urban rules, and an exploratory second one, aiming at the rules flexibilization but using a 
structured method to calculate illuminance and shading. The authors suggest that the Spacemate’s 
methodology, in association with built form performance models, could help to improve existing 
urban block's environmental quality and positively contribute to the development of adaptive or 
performative planning strategies. 
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planning, urban models. 
INTRODUCTION  
To establish a coherent correlation between urban density and urban morphology presents itself as 
a challenge for the contemporary urban planner. Planning strategies based on conforming rules 
assume the relationship between density and urban form as a stable one under a period of time. 
Building rules, in this scenario, are set to respond to a density pattern following a conceptual 
fabric, relating building conforming rules to the urban block configuration. Conflicts between the 
actual and the conceptual urban block configuration are generally due to inefficient building rules   
When this happens, the environmental goals of the model block configuration, such as natural light 
and solar accessibility to buildings facades, are gradually downgraded.  
In Porto Alegre, the state capital of Rio Grande do Sul, Brazil, urban regulation’s conceptual 
model has related building typologies to a regular distribution of homogeneous lot sizes, a situation 
which is rarely met in the city´s fabric. As the building rules are correspondent to the lot 
dimensions, the urban fabric has acquired a heterogeneous and unpredictable form (Zandavali 
and Turkienicz, 2018), in clear contrast with the model block configuration. 
2 ISUF 2020 Cities in the Twenty-first Century 
Berghauser Pont and Haupt (2009) have proposed an urban model to support the correlation 
between density and form: The Spacemate Diagram. Spacemate allows the “DNA” identification of 
different fabrics from four parameters: coverage (Ground Space Index - GSI), building intensity 
(Floor Space Index/ FSI), spaciousness (Open Space Ratio/ OSR) and building height (L). The 
authors describe and categorize urban typologies based on samples of urban territories where 
buildings are predominantly homogeneous components of homogeneous urban fabrics.  
In this paper, the Spacemate methodology is tested in a different context, where the urban fabric is 
predominantly homogeneous but buildings are built according to the varying sizes of the lots, 
becoming throughout a period of time, an extensively heterogeneous structure. This new situation 
offers an alternative application for the method: to identify the emerging morphological “DNA” of 
evolving urban blocks and, in the course of this development, to “improve” the urban block’s 
performance related to natural light and solar radiation access of building facades. 
The Spacemate (po.cit) is associated to a software, CityZoom (Turkienicz et al., 2008), to compare 
illuminance and shading performance of different urban scenarios produced according to existing 
urban rules and to compare the conforming strategy with a non-conforming strategy where better 
results related to natural light and solar radiation can be achieved by “breaking” the rule apart by 
using performative parameters in the actual level of development of the urban block. 
MATERIAL AND METHODS  
A case study was developed using an existing urban fabric, constituted by a set of urban blocks 
located in Porto Alegre, Brazil.  Two main criterias were used to select the analyzed area: (i) to fall 
under a high density zone according to Porto Alegre´s urban rules; and (ii) to be part of semi-
consolidated areas undergoing development pressure. A ten block area was selected with at least 
one totally surrounded block That resulted in the fabric scale, represented by the set of ten blocks 
selected and one central block allowing the analysis of the two environmental factors, the solar 
radiation and the natural light accessibility. 
CityZoom associated its city model with basic data representing the urban structure (city, district, 
fabric, island, lot, building) to automatically allow the user to visualize, both numerically and 
graphically, the performance of each scenario over different levels of aggregation: building, lot, 
block and fabric. The resulting simulated values from the four indicators can be used to identify the 
typological DNA - GSI, FSI, L and OSR - in the Spacemate Diagram. Simultaneously, the generated 
models can be environmentally assessed using CityZoom’s provided interface: Illuminance Model 
and Shadow Analysis. 
The study’s methodology is threefold. First, a 3D Model of the existing conditions was generated in 
the CityZoom to build two initial scenarios: the current occupation scenario (A), associating basic 
data from the urban structure and an additional scenario, where existing buildings likely to be 
replaced by new ones were simulated according to current urban rules (scenario B).  The results 
from scenarios A and B were used to identify the typological DNA for the fabric - GSI, FSI, L and 
OSR - as can be seen in the Spacemate Diagram. Following Berghauser Pont & Haupt’s three basic 
typological identities - point, strip and block, graduated according to medium height - both 
scenarios fall under the same typological classification: the mid-rise block.  
Despite this typological DNA tendency, it is possible to perceive in B that new buildings tend to 
progressively reduce the free space in the central part of the block’s, this way downgrading the 
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main spatial characteristic of this urban typology (Figure 1). It is worth observing that while the 
morphology of the block has evolved to low rise bounded periphery, the upper floors penetrate 
into the islands’ inner spaces with medium to high rise strips, thus fragmenting the characteristic 
void of the block typology.  
In order to simulate an alternative scenario (C), with equivalent floor area ratio to scenario B, the 
mid-rise block DNA served as input, according to four factors: (i) neighborhood contextual height; 
(ii) neighborhood front setbacks; (iii) the calibration of rear setbacks to preserve central block open 
space; and (iv) solar and daylight access. Regarding the last factors, solar and daylight access, the 
decisions during scenario C simulation were supported by specific tools in CityZoom, described in 
Analysis and Results. 
Figure 1: Generated scenarios in the Spacemate Diagram. 
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ANALYSIS AND RESULTS 
Solar Access 
The Shadow Analysis Performance Model of CityZoom calculates the total hours of sun for each 
face of the model during a specific period of time. As a critical situation, the model was evaluated 
during the Winter Solstice in the Southern Hemisphere. Figure 2 shows the results for solar access 
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analysis for the central block in all three scenarios (A, B and C), taking four intervals according to 
face´s sun exposition in hours: less than 2 hours of sun; from 2 to 5 hours of sun; from 5 to 10 
hours of sun; and above to 10 hours of sun. Comparing solar access, scenario C has a lower 
incidence of facades in the critical interval –less than 2h of direct sun access: around 14% against 
17% in scenario B.  Figure 3 shows CityZoom´s screen and the visual result for a specific area 
considering the surfaces with less than 2 hours of solar access in a daytime period. 
Figure 2: CityZoom´s Shadow Analysis Performance Model. 
 
 
Figure 3: Shadow Analysis Results. 
 
Daylight Evaluation | Illuminance Analysis 
The Illuminance Analysis measures the incidence of natural light in a model´s faces. Considering a 
Standard Overcast Sky, Figure 4 shows the results for illuminance analysis for the central block in 
all scenarios (A, B and C), taking nine reference intervals according to face´s light exposition in 
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lux. Comparing daylight conditions, scenario C has a higher incidence of facades in the optimal 
interval: around 37% against over 31% in scenario B. Figure 5 shows for scenarios A and B the 
faces that receive the biggest amount of natural light colored yellow, and the least lit faces colored 
in dark blue.  
Figure 4: CityZoom´s Illuminance Performance Model. 
 
 
Figure 5: Illuminance Model Results. 
 
Analyzing the results for the urban fabric simulated in Porto Alegre, with higher density in scenario 
C, we have achieved superior performance in solar access and daylight conditions when 
comparing to the results in scenario B. 
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CONCLUSIONS 
Urban performance models, with its temporal dynamic logic, have shown better capabilities to 
support planning strategies than temporal static conforming rules. The innovative performance-
based planning approach built around the assessment of density and built form performance 
revealed the potential for its adoption as a planning tool. The proof-of-concept idealized for a 
specific area in Porto Alegre can be adjusted and tested in other areas of the city as well in other 
contexts, nationally and worldwide. 
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